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[TITLE OF THE INVENTION] 

TEMPERATURE ADJUSTING APPARATUS 

[Abstract] 

[Problem to be Solved] 

A problem to be solved by the present invention is to 
substantially uniformly adjust the temperature of a 
substrate, thereby achieving a uniform process. 
[Solving Means] 

A semiconductor wafer 104 is supported by three 
support members 102 disposed in the vicinity of the 
peripheral portion of a temperature adjuster 101, followed 
by heating treatment. The support member 102 consists of 
an embedded portion 102a embedded in the temperature 
adjuster 101 and a projecting portion 102b disposed at the 
center of the embedded portion 102a. Since the 
semiconductor wafer 104 is placed on the projecting 
portions 102b, it is heated at a high temperature via the 
projecting portions 102b, but other portions are uniformly 
heated, and further, the heating treatment can be achieved 
without any pollution. 

[SCOPE OF CLAIM FOR A PATENT] 
[Claim 1] 

A temperature adjusting apparatus comprising: 

1 



a temperature adjuster capable of setting temperature 
to a predetermined value; and 

a plurality of support members for supporting a 
member to be adjusted in temperature and holding the member 
to be adjusted in temperature in a manner out of contact 
with the temperature adjuster, each of the support members 
including an embedded portion which is embedded in the 
temperature adjuster and a projecting portion which 
projects from the surface of the temperature adjuster. 
[Claim 2] 

The temperature adjusting apparatus according to 
Claim 1, wherein the support members are arranged at such 
positions as to support the peripheral edge of the member 
to be adjusted in temperature. 

[DETAILED DESCRIPTION OF THE INVENTION] 

[0001] 

[Technical Field to which the Invention Pertains] 

The present invention relates to a temperature 
adjusting apparatus for adjusting the temperature of a 
substrate such as a semiconductor wafer or a substrate for 
a liquid crystal display (LCD) . 
[0002] 
[Prior Art] 

Various Icinds of heating apparatuses have been 
conventionally used for subjecting a substrate such as a 



semiconductor wafer or a glass substrate for an LCD to 
heating treatment. For example, in a photo resist process 
among semiconductor fabricating processes, the heating 
treatment is performed in order to remove water from the 
surface of the semiconductor wafer or remove a solvent 
contained in resist applied onto the surface of the wafer. 
Examples of heating methods include a direct hot plate 
system, a batch type hot air heating system, a microwave 
system and the like. Among them, the direct hot plate 
system has become mainstream from demands for compactness, 
efficiency, reduction of a cycle time and enhancing 
reproducibility or uniformity. 
[0003] 

However, since the semiconductor wafer is directly 
heated in close contact with a hot plate in the direct hot 
plate system, the close contact state between the hot plate 
and the semiconductor wafer markedly influences on the 
uniformity of heat. Otherwise, since the hot plate is 
generally made of metal such as aluminum, there has arisen 
a problem of heavy-metals pollution or adhesion of 
particles to the reverse of the semiconductor wafer. 
[0004] 

In order to solve the above-described problem, there 
has been devised a proximity system, in which a fine gap is 
formed between a hot plate and a semiconductor wafer, and 
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then, heating treatment is performed without bringing the 
semiconductor wafer into direct contact with the hot plate. 
Such a heating apparatus of a proximity system is provided 
with a hot plate 701 having a heater incorporated therein, 
as shown in Figs. 6 and 7. Three rectangular recesses 705 
are formed near the center of the hot plate 701. A 
substrate supporting ball 702 made of ceramic is contained 
in each of the recesses 705 in such a manner as to slightly 
project from the upper surface of the hot plate 701. 
Furthermore, holes 703 for allowing substrate supporting 
pins (not shown) to be inserted or drawn therethrough are 
provided near the center of the hot plate 701 so as to 
place a semiconductor wafer 704 on the hot plate 701 or 
carry out the semiconductor wafer 704 from the hot plate 
701 . 
[0005] 

In the heating apparatus such configured as described 
above, first, the substrate supporting pins are allowed to 
project above the hot plate 701 through the holes 703 for 
the supporting pins, and thereafter, the semiconductor 
wafer' 704 is placed on the substrate supporting pins. 
Subsequently, the substrate supporting pins are contained 
in the lower portion of the hot plate 701, so that the 
semiconductor wafer 704 is placed on the balls 702, 
followed by heating treatment. At this time, since the 



balls 702 slightly project from the upper surface of the 
hot plate 701, that is to say, the fine gap is formed 
between the semiconductor wafer 704 and the hot plate 701, 
no particle pollution or the like can occur at the 
semiconductor wafer 704 or the semiconductor wafer 704 can 
be efficiently heated. 
[0006] 

[Problems to be Solved by the Invention] 

Here, since the ball 702 is contained in the recess 
705 in a not-fixed manner, the ball 702 may be accidentally 
drawn or floated out of the recess 705 when the hot plate 
701 is cleaned or the semiconductor wafer 704 is detached. 
In this state, if the semiconductor wafer 704 is placed on 
the balls 702, the semiconductor wafer 704 is inclined with 
respect to the upper surface of the hot plate 701, thereby 
arising a problem of non-uniformity of the heating. 
[0007] 

Moreover, in the above-described substrate heating 
apparatus, the balls 702 are arranged near the center of 
the hot plate 701. Since the semiconductor wafer 704 is 
brought into contact with the hot plate 701 via the balls 
702, the center and thereabouts are strongly heated more 
than other portions. Therefore, there has arisen a problem 
of non-uniform temperature distribution within the surface 
of the semiconductor wafer 704. In particular, if the 



temperature of a portion corresponding to a resist pattern 
rises too high in the case of post-baking for hardening the 
resist pattern, there has arisen a problem of a partly 
change in thickness or shape of the resist pattern. 
[0008] 

An object of the present invention is to provide a 
temperature adjusting apparatus which can uniformly adjust 
the temperature of a substrate requiring heating treatment 
such as a semiconductor wafer or an LCD. Furthermore, 
another object of the present invention is to provide a 
temperature adjusting apparatus capable of adjusting the 
temperature of a substrate in a substantially uniform 
manner in consideration that an integrated circuit 

(abbreviated as an IC) formed on the semiconductor wafer 
704 is normally formed over the entire surface of the 
semiconductor wafer 704 except for the peripheral edge 
thereof and a main portion to be heated inherently 
uniformly such as a resist pattern is located at a portion 
except for the peripheral edge. 

[0009] 

[Means for Solving the Problems] 

In order to achieve the above-described objects, a 
temperature adjusting apparatus according to the present 
invention comprises: a temperature adjuster capable of 
setting temperature to a predetermined value; and a 



plurality of support members for supporting a member to be 
adjusted in temperature and holding the member to be 
adjusted in temperature in a manner out of contact with the 
temperature adjuster, wherein each of the support members 
includes an embedded portion which is embedded in the 
temperature adjuster and a projecting portion which 
projects from the surface of the temperature adjuster. 
Preferably, the support members are arranged at such 
positions as to support the peripheral edge of the member 
to be adjusted in temperature. 
[0010] 

Since the embedded portion is embedded in the 
temperature adjuster, the support member cannot be drawn or 
floated from the temperature adjuster. Consequently, the 
member to be adjusted in temperature, supported by the 
support members, cannot be inclined, thus can be uniformly 
adjusted in temperature. Furthermore, the member to be 
adjusted in temperature is supported at the peripheral edge 
thereof by the plurality of the support members, to be thus 
adjusted in temperature in a substantially uniform manner. 
[0011] 

[Preferred Embodiments] 

Referring to the drawings, a description will be 
given of one preferred embodiment in which a heating 
adjusting apparatus according to the present invention is 



applied to a substrate heating apparatus for use in heating 
treatment such as adhesion treatment, pre-baking treatment 
or post-baking treatment for a semiconductor wafer. As 
shown in Figs. 1 and 2, the substrate heating apparatus 
includes a circular temperature adjuster 101, which 
incorporates therein a heating member (not shown) capable 
of adjusting the heating temperature such as an electric 
heater. Here, the heating temperature and time of the 
temperature adjuster 101 can be variously set according to 
the object of the treatment. For example, in the case of 
the adhesion treatment, the heating is performed at a 
temperature ranging from about 80 °C to 100 °C for about 30 
seconds; in the case of the pre-baking treatment, the 
heating is performed at a temperature ranging from about 
120 to 150 °C for 1 minute; in the case of the post- 
baking treatment, the heating is performed at a temperature 
ranging from about 120 °C to 150 for about 1 minute; in 
the case of cooling treatment, the temperature is 
controlled to stay at room temperature (for example, 23 ^'C) . 
The temperature adjuster 101 includes holes 103 for 
allowing substrate supporting pins (not shown) to be 
inserted or drawn therethrough, which are used in placing a 
semiconductor wafer 104 as a member to be adjusted in 
temperature on the temperature adjuster 101 or carrying out 
the semiconductor wafer 104 from the temperature adjuster 
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101. 
[0012] 

At the peripheral edge of the above-described 
temperature adjuster 101 are provided three support members 
102 for supporting the semiconductor wafer 104. The 
support member 102 is preferably made of ceramic or the 
like since it is adapted to prevent any pollution of the 
reverse of the semiconductor wafer 104. As shown in Figs. 
3 and 4, the support member 102 consists of a disk-like 
embedded portion 102a and a projecting portion 102b 
projecting from the center of the disk-like embedded 
portion 102a. 
[0013] 

In the meantime, in the temperature adjuster 101, 
recesses 403 serving as containing portions are formed at 
positions opposite to the peripheral edge of the 
semiconductor wafer 104 placed above the temperature 
adjuster 101. The disk-like embedded portion 102a of the 
support member 102 is contained inside of the recess 403, 
and then, is fixed via a screw nut 402 screwed with a screw 
portion 404 disposed on the side wall of the recess 403. 
The tip of the projecting portion 102b projects from the 
upper surface of the temperature adjuster 101 by about 0.1 
mm to 0.3 mm. Consequently, a gap is held by a projecting 
length of the tip of the projecting portion 102b between 
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the semiconductor wafer 104 placed on the projecting 
portions 102b and the temperature adjuster 101. 
Incidentally, the support member 102 may be fixed not by 
screwing the screw nut 402 but by press-fitting a ring-like 
member made of a resin material such as PTFE into the 
recess - 
[0014] 

Furthermore, as shown in Fig. 5, a recess 403a to be 
formed in the temperature adjuster 101 is formed in such a 
manner as to loosely engage with the embedded portion 102a 
of the support member 102. The recess 403 is merely formed 
in such a size as to absorb a difference in expanding 
volume at the time of heating caused by a difference in 
expansion coefficient between a material for forming the 
temperature adjuster 101 and a material for forming the 
support member 102. After the embedded portion 102a of the 
support member 102 is contained in the recess 403, the 
support member 102 can be fixed via the screw portion 404 
and the screw nut 402 disposed on the side wall of the 
recess 403, as described above. Here, a hole, which is 
formed at the screw nut so as to allow the projecting 
portion 102b of the support member 102 to be inserted 
therethrough, may be formed in outer diameter greater than 
the projecting portion 102b, so as to loosely engage with 
the projecting portion 102b. 
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[0015] 

Moreover, in order to fix the support member 102, a 
disk-like cover 402a may be disposed in such a manner as to 
cover not only the recess 403a, but also the entire surface 
of the temperature adjuster 101, and a hole, which allows 
the tip of the projecting portion 102b to project in loose 
engagement, may be formed at a position corresponding to 
each of the projecting portions 102b, so that, the cover is 
fixed to the temperature adjuster 101. The loose 
engagement of the support member 102 can prevent any damage 
on the support member 102 due to a difference in volume 
increase between the temperature adjuster 101 and the 
support member 102 at the time of heating caused by a 
difference in expansion coefficient. 
[0016] 

Explanation will be made below on operation of the 
substrate heating apparatus configured as described above . 
The semiconductor wafer 104, which is carried out of a 
processor such as a sender for sending out the 
semiconductor wafer before the treatment or a coater for 
applying photo resist to the semiconductor wafer, is first 
placed on the three substrate supporting pins projecting 
above the temperature adjuster 101 via the holes 103 for 
the supporting pins by a carrying mechanism {not shown) . 
[0017] 



Subsequently, each of the substrate supporting pins 
is contained in the lower portion of the temperature 
adjuster 101, and therefore, the semiconductor wafer 104 is 
placed on the projecting portions 102b of the support 
members 102. In this state, the semiconductor wafer 104 is 
heated by the electric heater incorporated in the 
temperature adjuster. As described above, the heating 
temperature and time are variously set according to the 
kind of treatment. Since the tip of the projecting portion 
102b projects by about 0 . 1 mm to 0 . 3 mm from the upper 
surface of the temperature adjuster 101, namely, since the 
gap is formed in about 0.1 mm to 0.3 mm between the 
semiconductor wafer 104 and the temperature adjuster 101, 
no particle pollution or the like can occur in the 
semiconductor wafer 104, thus efficiently heating the 
semiconductor wafer 104. 
[0018] 

At this time, each of the support members 102 is 
arranged in the vicinity of the peripheral edge of the 
temperature adjuster 101, so that the semiconductor wafer 
104 is supported in the vicinity of the edge thereof by 
each of the support members 102. As a consequence, the 
portion close to the support member 102 at the periphery of 
the semiconductor wafer 104 is heated at a temperature 
higher than those at other portions. However, since the IC 



is disposed inside of the edge of the semiconductor wafer 
104, the portion at which the IC is disposed is uniformly 
heated by radiant heat or the like from a heating table, 
and therefore, the semiconductor wafer 104 can be 
substantially uniformly heated. 
[0019] 

The semiconductor wafer 104 heated as described above 
is detached from the temperature adjuster 101 when the 
substrate supporting pins project from the holes 103 for 
the supporting pins above the temperature adjuster 101, and 
thereafter, is carried to a next process. Additionally, as 
shown in Fig. 6 which is a view showing another preferred 
embodiment according to the present invention, another 
supporting member 102 may be disposed also at the center of 
the temperature adjuster 101. Incidentally, it is 
preferable from the viewpoint of prevention of particle 
adhesion or achievement of uniform heating that the tip of 
the supporting member 102, that is, a portion which contact 
with the semiconductor wafer 104 should be formed as thinly 
as possible, 
[0020] 

If the diameter of the semiconductor wafer 104 
becomes as large as, for example, about 8 inch, the 
semiconductor wafer 104 is warped so that the center of the 
semiconductor wafer 104 is brought into contact with the 



temperature adjuster 101 with a fear of pollution due to 
particles or the like in the case where only the vicinity 
of the edge of the semiconductor wafer 104 is supported by 
the supporting members 102. However, by supporting the 
semiconductor wafer also by the supporting member 102 
disposed at the center, it is possible to prevent any 
warpage of the semiconductor wafer 104 so that more uniform 
heating of the entire semiconductor wafer 104 is performed. 
[0021] 

Although the above-described preferred embodiments 
have exemplified the substrate heating apparatus for the 
semiconductor wafer, the substrate heating apparatus 
according to the present invention can be applied to 
various substrates requiring the heating treatment such as 
an LCD substrate. Furthermore, although the circular 
substrate has been exemplified, the substrate heating 
apparatus according to the present invention can be applied 
to a polygonal substrate such as a triangular or 
rectangular substrate • 
[0022] 

[Effects of the Invention] 

As is obvious from the above explanation, according 
to the present invention, since the support member is fixed 
to the temperature adjuster, it is possible to prevent the 
support member from being drawn or floated and the 



substrate from being inclined, and consequently, the member 
to be adjusted in temperature can be uniformly heated. 
Furthermore, since the peripheral edge of the member to be 
adjusted in temperature is supported, the member to be 
adjusted in temperature can be substantially uniformly 
heated. Moreover, since the recess for containing the 
support member therein is not opened, there has never 
arisen any problem that refuse or the like is accumulated. 
Additionally, since the support member is disposed in the 
temperature adjuster in loose engagement, it is possible to 
prevent any damage on the support member due to the 
difference in expansion coefficient at the time of heating. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 
[Fig. 1] 

Fig. 1 is a plan view showing a preferred embodiment 
according to the present invention. 
[Fig. 2] 

Fig. 2 is a cross-sectional view showing the 
preferred embodiment shown in Fig. 1, taken along a line A- 
A. 

[Fig. 3] 

Fig. 3 is a plan view showing essential parts in the 
preferred embodiment according to the present invention. 
[Fig. 4] 

Fig. 4 is a cross-sectional view showing essential 



parts in another preferred embodiment according to the 
present invention . 
[Fig. 5] 

Fig. 5 is a cross-sectional view showing a further 
preferred embodiment according to the present invention. 
[Fig. 6] 

Fig. 6 is a plan view showing a still further 
preferred embodiment according to the present invention. 
[Fig. 7] 

Fig. 7 is a plan view showing the prior art, 
[Fig. 8] 

Fig. 8 is a cross-sectional view showing the prior 

art • 

[REFERENCE NUMERALS] 

101 . . , temperature adjuster 

104 . , . semiconductor wafer (member to be adjusted in 
temperature) 

102 . . . support member 
102a . . . embedded portion 
102b ... projecting portion 

403, 403a . . . containing portion 
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1 0 2(Z)5^i±igpi 0 2 b±ic$s^$n-&. ccomir. 

1 0 2 bC05fe*SJi. ^H^f* 1 0 1 (D±H;&^6*^o.i7!jS 
0.3im^Sl^mL.ri-^€>/ces?). in^. ^2St{^'i'Xv^ 1 0 
4iSill(*l 0 1 i<DP^tCt^S^0.a7!jMo.3mmfi^CDr^^ 
i)m^r^fc^. ^aS^SSl 0 4^c^^>'^•-f•^ ^;Ur^ 

[0018] C(D<b*. S3:}^SI5W1 QZk-x^mwi 0 

0 4 tt. -^-CDiSSPifii^l^^js^s^^pM 1 0 2 cc J: 0 

l>/c3C»^£-5r, ^ag^5t•?xy^ 1 0 4(7)iS 
aiifi<gCc46-t:f^^}^§BWl 0 2/giZ2§P^(J, ^^iti51-cD 

^^^cti^x^u^Dm.^n^i^^. I c^j^2§i*':7x>'A 

1 0 4CD4SgPJ:Ol^iHiJtC^C-t^nri-^S;^cd?). I C:^i5^ 

[0 0 19] m'&<o^^^cLxmmmitifc=^m{^^ 

^ll»l 0 l±g|5--?^ttl$'tt'5C ?^iM»10 
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i&ommtbx. s6cc^T<j:'5cc, umt^ioio 

fft. 3^SP« 1 0 2 (D^mWrrj:t>iD^mi^'^ 1 0 

CO 0 2 0 ] 0 4<Dm.m^mi^itt8^> 

W^c^mcSnm^X 0 2CcJ:0*#(*•j?x/^:&3a^•r 
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im2]mi (>cmr-mmm<o a - a mmm. 
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10 1- 
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10 2- 
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